Using an atom interferometer, we have measured the static electric polarizability of 7 Li α = (24.33 ± 0.16) × 10 −30 m 3 = 164.2 ± 1.1 atomic units with a 0.66% uncertainty. Our experiment, which is similar to an experiment done on sodium in 1995 by Pritchard and co-workers, consists in applying an electric field on one of the two interfering beams and measuring the resulting phase-shift. With respect to Pritchard's experiment, we have made several improvements which are described in detail in this paper: the capacitor design is such that the electric field can be calculated analytically; the phase sensitivity of our interferometer is substantially better, near 16 mrad/ √ Hz; finally our interferometer is species selective so that impurities present in our atomic beam (other alkali atoms or lithium dimers) do not perturb our measurement. The extreme sensitivity of atom interferometry is well illustrated by our experiment: our measurement amounts to measuring a slight increase ∆v of the atom velocity v when it enters the electric field region and our present sensitivity is sufficient to detect a variation ∆v/v ≈ 6 × 10 −13 . 
Introduction
The measurement of the electric polarizability α of an atom is a difficult experiment: this quantity cannot be measured by spectroscopy, which can access only to polarizability differences, and one should rely either on macroscopic quantity measurements such as the electric permittivity (or the index of refraction) or on electric deflection of an atomic beam. For a review on polarizability measurements, we refer the reader to the book by Kresin and Bonin [1] . For alkali atoms, all the accurate experiments were based on the deflection of an atomic beam by an inhomogeneous electric field and, in the case of lithium, the most accurate previous measurement was done in 1974 by , with the following result α = (24.3 ± 0.5) × 10 −30 m 3 . However, in 2003, Amini and Gould, using an atomic fountain [3] , have measured the polarizability of cesium atom with a 0.14% relative uncertainty, which is presently the smallest uncertainty on the electric polarizability of an alkali atom.
Atom interferometry, which can measure any weak modification of the atom propagation, is perfectly adapted to measure the electric polarizability of an atom: this was demonstrated in 1995 by with an experiment on sodium atom and they obtained a very a e-mail: jacques.vigue@irsamc.ups-tlse.fr high accuracy, with a statistical and systematic uncertainties both equal to 0.25%. This experiment was and remains difficult because an electric field must be applied on only one of the two interfering beams: one must use a capacitor with a thin electrode, a septum, which can be inserted between the two atomic beams.
Using our lithium atom interferometer [5, 6] , we have made an experiment very similar to the one of Pritchard [4] and we have measured the electric polarizability of lithium with a 0.66% uncertainty, limited by the uncertainty on the mean atom velocity and not by the atom interferometric measurement itself [8] . In the present paper, we are going to describe in detail our experiment with emphasis on the improvements with respect to the experiments of Pritchard's group [4,9]: we have designed a capacitor with an analytically calculable electric field; we have obtained a considerably larger phase sensitivity, thanks to a large atomic flux and an excellent fringe visibility; finally our interferometer, which uses laser diffraction, is species selective: the contribution of any impurity (heavier alkali atoms, lithium dimers) to the signal can be neglected.
We may recall that several experiments using atom interferometers have exhibited a sensitivity to an applied electric field [10] [11] [12] but these experiments were not aimed at an accurate measurement of the electric polarizability. Two other atom interferometry experiments [13, 14] using an inelastic diffraction process, so that the two interfering beams are not in the same internal state, have measured the difference of polarizability between these two internal states. Finally, two experiments [15] [16] [17] have measured the Aharonov-Casher phase [18] : this phase, which results from the application of an electric field on an atom with an oriented magnetic moment, is proportional to the electric field.
This paper is organized as follows. We briefly recall the principle of the experiment in Section 2. We then describe our electric capacitor in Section 3 and the experiment in Section 4. The analysis of the experimental data is done in Section 5 and we discuss the polarizability result in Section 6. A conclusion and two appendices complete the paper.
Principle of the measurement
If we apply an electric field E on an atom, the energy of its ground state decreases by the polarizability term:
When an atom enters a region with a non vanishing electric field, its kinetic energy increases by −U and its wave vector k becomes k + ∆k, with ∆k given by ∆k = 2π 0 αE 2 m/( k). The resulting phase shift φ of the atomic wave is given by: (2) where we have introduced the atom velocity v = k/m and taken into account the spatial dependence of the electric field along the atomic path following the z-axis. This phase shift is inversely proportional to the atom velocity and this dependence will be included in our analysis of the results. The principle of the experiment, illustrated in Figure 1 , is to measure this phase shift by applying an electric field on one of the two interfering beams in an atom interferometer [4] . This is possible only if the two beams are spatially separated so that a septum can be inserted between the two beams. This requirement could be suppressed by using an electric field with a gradient as in reference [9] but it seems difficult to use this arrangement for a high accuracy measurement, because an accurate knowledge of the values of the field and of its gradient at the location of the atomic beams would be needed.
The electric capacitor

Capacitor design
To make an accurate measurement, we must know precisely the electric field along the atomic path and guard electrodes are needed so that the length of the capacitor is well defined, as discussed by Pritchard and co-workers [4] . It would probably be better to have guard electrodes on both electrodes, but it seems very difficult to draw guard electrodes on the septum and to put them in place very accurately. Therefore, as in reference [4], we have guard electrodes only on the massive electrodes. However, we have chosen to put our guard electrodes in the plane of the high voltage electrode. With this choice, the calculation of the electric field can be done analytically. Figure 2 presents two schematic drawings of the capacitor and defines our notations, while an artist's view is presented in Figure 3 . Like in reference [4], our capacitor is as symmetric as possible with respect to the septum plane, but, for a given experiment, only one half of the capacitor is used, the other part creating no electric field with V = 0 everywhere.
